We assessed the preference of 10 fish species for depth and velocity conditions in forested streams from southeastern Brazil using habitat suitability criteria (HSC curves). We also tested whether preference patterns observed in forested streams can be transferred to deforested streams. We used data from fish sampled in 62 five-meter sites in three forested streams to construct preference curves. Astyanax altiparanae, A. fasciatus, Knodus moenkhausii, and Piabina argentea showed a preference for deep slow habitats, whereas Aspidoras fuscoguttatus, Characidium zebra, Cetopsorhamdia iheringi, Pseudopimelodus pulcher, and Hypostomus nigromaculatus showed an opposite pattern: preference for shallow fast habitats. Hypostomus ancistroides showed a multimodal pattern of preference for depth and velocity. To evaluate whether patterns observed in forested streams may be transferred to deforested streams, we sampled 64 five-meters sites in three deforested streams using the same methodology. The preference for velocity was more consistent than for depth, as success in the transferability criterion was 86% and 29% of species, respectively. This indicates that velocity is a good predictor of species abundance in streams, regardless of their condition.
Introduction
The recognition that species are distributed non-randomly in habitats, preferentially occupying suitable sites for feeding, reproduction, and survival (Grinnell, 1917; Hutchinson, 1957) , constitutes the basis for developing predictive models of species distribution along environmental gradients (e.g., Ahmadi-Nedushan et al., 2006) . This approach has a broad application for natural resources management, since it allows prediction of changes in biological communities from changes in environmental conditions caused by human activities. However, the predictive power of these models depends on knowledge of the response of species in relation to the gradient of environmental conditions. This information can be obtained by developing habitat suitability criteria (HSC) (Bovee, 1982 (Bovee, , 1986 , a component for conducting physical habitat simulation (PHABSIM), a tool used to assess the consequences of changes in river flows on habitat availability (Bovee, 1982) .
The HSC can be assessed by curves defining the degree of preference by a given species in relation to habitat variables alone, such as depth, velocity, substrate, and cover. Efforts to develop HSC for multiple species have increased, owing to the degradation of water resources and growing concern over biodiversity loss (e.g., Lamouroux et al., 1999; Vadas & Orth, 2001; Strakosh et al., 2003) . However, this approach has not been applied in Neotropical environments, limiting the use of predictive models and the ability to quantitatively predict the biological impacts from changes in hydraulic variables of aquatic environments. This is especially alarming because changes in the natural flow regime are among the major anthropogenic threats for fish conservation in Neotropical lotic environments (Barletta et al., 2010) .
Several factors, such as environmental heterogeneity, food availability, predation, competition, and habitat availability influence the patterns of species occupancy in riverine patches (Power, 1984; Thomas & Bovee, 1993; Jackson et al., 2001; Leal et al., 2011) . The differential effects of these factors may limit the applicability of HSC in environments or conditions other than that for which it was developed (Groshens & Orth, 1993; Freeman et al., 1997; Vadas & Orth, 2001) . In these cases, the development of specific criteria for each type of stream or condition is recommended (Bovee, 1986) , which brings high costs and operational difficulties. However, other studies have found consistency in preference patterns across streams (Thomas & Bovee, 1993; Strakosh et al., 2003) . This highlights the importance to validate HSC to the site of interest (transferability) before developing new criteria.
Our present goal was to evaluate the preference of different fish species for depth and velocity conditions in forested streams from southeastern Brazil, based on the development of HSC curves. Here, we also evaluated the consistency of habitat preference patterns of species in forested streams and test HSC transferability to deforested streams. In our study region, the clearing of native vegetation was a consequence of economic and social processes that occurred in the past, affecting about 75% of the riparian zones (Silva et al., 2007) , and most streams have some degradation of their physical integrity that is directly or indirectly related to deforestation . We focused on depth and velocity because they represent important predictors of fish community structure in streams (Lamouroux et al., 1999; Bürhnheim, 2002) . Moreover, both forested and deforested streams had similar conditions considering these two variables, an important condition for the test of transferability (Freeman et al., 1997) .
Material and Methods

Study area
All streams studied (second and third order) are located in the drainage of the São José dos Dourados River, upper Paraná River basin, northwestern region of the state of São Paulo, Brazil (Fig. 1) . The climate of the region is influenced by equatorial and tropical masses, resulting in a tropical climate with dry and rainy periods, with higher rainfall and higher temperatures from December to February and lower rainfall and milder temperatures between June and August (IPT, 1999) . The forested streams are located within the greatest forest fragment (Seasonal Semideciduous Forest > 1.600 ha) of the basin and represent what is best preserved in the region (Fig.  1) . The deforested streams are located in areas dominated by pasture, completely lacking arboreal vegetation in their riparian zone, presenting grass (Brachiaria spp.) proliferation on the banks (Fig. 1) , with no evidence of chemical pollution. There are no representative forest remnants associated with deforested streams upstream or downstream of the study stretches. Both forested and deforested streams had similar conditions considering depth and velocity. Sites presented variation of 10.4 to 70.5 cm for depth and of 0.02 to 1.41 m/s for velocity. The width was also variable (1.65 to 4.62 m) such that depth and velocity was not perfectly correlated, although significant correlations between these variables has been verified in both forested and deforested streams (Pearson's product-moment correlation, r = 0.57, p < 0.01; r = 0.29, p < 0.01, respectively).
Fish sampling and environmental variables
We collectively sampled 62 five-meter sites in three forested streams to identify the preference of fish species for depth and velocity and thus define habitat suitability criteria. In each stream we selected between 19 and 24 sites in order to represent the structural variation present in each stream. The fish samplings were carried out during the dry season (September to November 2009 and April to July 2010). The collection of fish was performed using electric fishing (stationary generator, AC, 220 V, 50-60 Hz, 3.4-4.1 A, 1000 W, as detailed by Castro et al., 2003) and consisted of successive passes from shore to shore along the site's lenght, until no individual was captured after a complete passage. Fish caught were fixed in a 10% formalin solution and after 48 hours transferred to a 70% ethanol solution. Voucher specimens of all species were deposited at the fish collection of the Departamento de Zoologia e Botânica da Universidade Estadual Paulista "Júlio de Mesquita Filho" (DZSJRP), São José do Rio Preto, São Paulo, Brazil (Table 1) .
Each site was isolated upstream and downstream with block nets before sampling to prevent fish emigration or immigration while electric fishing sampling. The distance among sites in each stream was variable (~ 3 to 300 meters). To verify if the distance among sites influenced the biological patterns observed within each stream, the relation between site distance and fish composition, represented by the similarity matrix based on Jaccard coefficient, was tested by a Relate routine (test for seriation). This analysis was used to test if changes in community composition exactly match the spatial sequence of sites (for example, community composition of first site on the longitudinal gradient is more similar to second site and less similar to third site, and so on with more distant sites being the most dissimilar). Additionally, significance was evaluated by permutation testing (Clarke & Warwick, 2001 ). This analysis was not statistically significant (p > 0.07), revealing that the distance among sampled sites did not influence the results.
After fish sampling, we characterized the site in relation to depth and velocity. We divided each site into four equidistant, transverse transects, where depth measurements were obtained at five equidistant points from one margin to another. We used a mechanical flowmeter model 2030 (General Oceanics®) to measure water velocity at ~ 0.6 times the total depth at the center of each transect. The values of depth and velocity for the whole site were obtained by calculating the mean values in each transect (depth) and across transects (velocity and depth).
Development of habitat suitability criteria and test for transferability
Only species that occurred in at least 10 samples in forested streams were included in the habitat suitability criteria for depth and velocity. We adopted this procedure because infrequent species may have been under-sampled, resulting in higher estimated errors of preference. We classified the depth gradient into five classes (D1 = 0 to 0. The limits for the classes were defined to represent discrete units of the hydrological gradient while ensuring a comparable number of samples in each class. We built HSC curves (type III, sensu Bovee, 1986) from preference values for each class of depth and velocity that were calculated as proportional abundance of species in each class of depth and velocity relative to total abundance, divided by the proportional number of sites in the class in relation to all sites sampled (1) (Freeman et al., 1997) . With this procedure, we considered both the relative abundance of species in the habitats and habitat availability. Next, we standardized the preference values to vary from 0 to 1, thereby obtaining the suitability index (SI). For the class with the highest preference value, we assigned an index of 1 and proportionally smaller values to other classes (2):
where (1) P i is the preference value for the class i, Ni is the proportional abundance of the species in the sites of class i in relation to specimens sampled considering all sites and H i is the proportional number of sites of the class i in relation to all sites sampled; (2) SI i is the suitability index for the class i and P max is the highest preference value obtained for a class.
We tested if the HSC developed for forested streams could be transferred to deforested streams. To do this, we sampled fish and environmental descriptors in 64 five-meter sites in three deforested streams (between 16 and 24 sites in each stream) during the same period and using the same methodology applied to forested streams. To test the transferability of HSC from forested to deforested streams, we considered only species that occurred in at least 10 sites in the deforested streams. We classified the deforested sites in optimum or nonoptimum according to the threshold defined from the HSC curves from forested streams. We considered optimal those deforested sites whose depth and velocity values fell into the classes that presented SI values greater than 0.7 in the forested streams. We choose 0.7 as a reference value because it included most of the raw values of habitat preference higher than 1.0, i.e., whose relative abundance is higher than the proportional availability of habitats. In fact, 97.8% of depth and velocity classes with suitability index greater than 0.7 had preference scores of 1.0 or higher (scores combined across all species and sites). Conversely, only 5.5% of depth and velocity intervals with preference scores higher than 1.0 had SIs lower than 0.7. The definition of a threshold that defines optimal versus non-optimal sites goals to distinguish those habitat conditions with the greatest probability of sustaining populations of the target species (Freeman et al., 1997) . For the criterion to be considered transferable, the abundance of a species should be higher in "optimal" than in "non-optimal" sites of deforested streams. Thus, we conducted a comparison of the mean species abundance between optimum and non-optimum sites of deforested streams using a one-tailed t-test (0.05 of significance level).
Results
We recorded 31 species in forested streams, of which 10 occurred in at least 10 samples (Table 1 ). The evaluation of the HSC curves for these species for depth and velocity demonstrated three main patterns (Fig. 2) . Astyanax altiparanae, A. fasciatus, Knodus moenkhausii, and Piabina argentea had high SI values in slow-flowing and deep sites. Another four species showed an opposite pattern, with higher SI values associated with shallow and fast-flowing habitats. This was the case of Characidium zebra, Cetopsorhamdia iheringi, Pseudopimelodus pulcher, and Hypostomus nigromaculatus. Aspidoras fuscoguttatus and Hypostomus ancistroides showed distinct patterns from the above species and had the highest SI values in multiple classes of depth and in habitats with high and low water velocity, respectively (Fig. 2) .
Only seven species to which we built HSC curves for forested streams also occurred in deforested streams (Table  2) . In relation to depth, the mean abundance of A. altiparanae and A. fuscoguttatus was higher in optimal habitats of deforested streams, considering the threshold established in forested streams (t test, P < 0.01; Table 2 ). The abundance of the other species did not differ between optimal and nonoptimal habitats in deforested streams (t test, P > 0.15; Table  2 ). In relation to water velocity, all species, except H. ancistroides, had higher abundances in optimal habitats of deforested streams, according to the criteria established for forested streams (t test, P < 0.02; Table 2 ).
Discussion
In this study we established the preference of ten species of stream fishes for depth and velocity conditions. In general, species showed well-defined preference patterns for depth and velocity, reinforcing the importance of hydraulic variables as predictors of fish distribution in lotic environments (Lamouroux et al., 1999; Vadas & Orth, 2001; Schwartz & Herricks, 2008; Leal et al., 2011) . One of the patterns was the association of A. altiparanae, A. fasciatus, K. moenkhausii, and P. argentea in deep, slow-flowing habitats. Indeed, the morphology of these species is compatible with this habitat preference, as their compressed bodies, well-developed anal fins, short caudal peduncle,lateral eyes represent morphological adaptations to live in lentic and slow-flowing waters (Gatz, 1979; Oliveira et al., 2010) . Behavioral patterns displayed by these species also favor the occupation of lentic and deep habitats, as they are mid-water swimmers that feed on drift items in the water column (Casatti & Castro, 1998; Casatti et al., 2001; Ceneviva-Bastos et al., 2010) . Probably they are also favored in deep habitats with a higher habitat volume (i.e., water column) and where slow velocity requires less energy expenditure for movement and feeding (Casatti & Castro, 1998; Bürhnheim, 2002 ).
An opposite pattern was observed for C. zebra, C. iheringi, P. pulcher, and H. nigromaculatus that showed preference for shallow and fast-flowing habitats. These fish have morphological and behavioral adaptations congruent with life in these conditions. For example, these species share depressed bodies and expanded pectoral fins (Casatti et al. 2005; , which allow short movements in fast-flowing environments (Watson & Balon, 1984) . In addition, the diet composed of periphyton (H. nigromaculatus) and aquatic insects (remaining species) is consistent with the high availability of these items in shallow, fast-flowing environments (Angermeier & Karr, 1983) .
The habitat suitability criteria obtained for H. ancistroides and A. fuscoguttatus were distinct from other species with respect to depth. Normally, a species response to environment is expected to be either monotonic or unimodal (Thomas & Bovee, 1993; Vadas & Orth, 2001; Strakosh et al., 2003) , although different patterns can also be observed (Freeman et al., 1997) . The bimodal pattern observed for A. fuscoguttatus might be an artifact of small sample sizes. Because this species occurred only in two forested streams, we did not consider the samples from the stream in which it was absent to calculate the habitat availability. Consequently, only five samples fell into the deepest depth class. Because the calculation of SI involves the relative abundance ratio of the proportional Table 1 . Voucher number, number of sites at which the species was recorded and number of individuals (in parentheses) of species occurring in at least 10 sites in forested streams (F1 to F3). (69) 14 (47) 11 (87) availability of habitat, the occurrence of a few individuals (seven) in two samples resulted in high SI values. One of the procedures that can be adopted in this case is either group together two adjacent classes to increase sample size or not take into account the SI value obtained (see Freeman et al., 1997) . With the adoption of these procedures, the preference pattern of A. fuscoguttatus would be similar to species with a preference for shallow habitats, and therefore consistent with the pattern of habitat use reported for this species (Araujo & Garutti, 2003) . Although the criterion developed here is consistent in deforested streams, this was due to the preference of this fish for shallowest depth class, as no individual was recorded in the deepest depth class. This strengthens our suggestion that the second peak of the HSC curve for this species has no biological basis. The habitat use criterion for velocity indicated a preference for fastflowing habitats, but similar to C. zebra, other velocity conditions were considered habitable (SI values > 0.32). This is consistent with the plasticity of this species, which occurs in streams with different hydrological characteristics (Casatti et al., 2009a,b) . The multimodal pattern observed in the depth preference curve of H. ancistroides suggests that this factor has little influence in determining its abundance patterns. On the other hand, velocity seems to be a good predictor of its abundance in forested streams, via a more uniform relationship, indicating a preference for lentic habitats, as also found by Uieda et al. (1997) and Casatti et al. (2005) . Interestingly, this pattern is uncommon for species of Hypostomus, which are usually associated with fast-flowing habitats, like H. nigromaculatus in this study.
The conditions considered non-optimal in this study (SI < 0.7) are not necessarily uninhabitable. Within this range, one could still discriminate between a range of habitable or marginal conditions and another as uninhabitable (Thomas & Bovee, 1993) , which would represent the conditions in which a given species would avoid to live. Most species that preferred shallow, fast-flowing habitats were less plastic, since there are a wider range of conditions that may be considered uninhabitable to them (SI values close to zero in two classes of depth and velocity), compared with species that preferred deep, slow-flowing habitats. The only exception to this pattern was C. zebra, whose non-optimal, but occupied conditions could be considered habitable, as the SI values were higher than 0.37. Species that preferred deep, slow-flowing habitats showed SI values close to zero in a maximum of one class of depth and velocity. This indicates that species that preferred shallow, fast-flowing habitats are more specialized and probably more sensitive to changes in hydraulic conditions. In fact, the loss of rheophilic species in streams from our study region has been attributed to changes in hydraulic conditions and simplification of habitats Casatti et al., 2009a; Teresa & Casatti, 2010) . For example, C. iheringi and P. pulcher did not occur in the degraded streams studied by Casatti et al. (2009a) , a fact that they attributed to the loss of riffles from siltation and habitat simplification.
The analysis of HSC transferability from forested to deforested streams revealed that the preference of fish species is partially consistent across environments of different conservation status. Depth HSCs could be transferred to only two out of seven species (29%), whereas velocity HSCs could be transferred to six out of seven species (86%). These results indicate that the need to develop specific criteria for each condition depend on the variable considered, with velocity having higher transferability than depth. The failure to transfer HSCs may be due to different factors, such as (i) the preferred conditions are not available, (ii) interaction with other factors in deforested streams and (iii) failure of the criterion to describe optimal habitats. The first explanation may, at least partially, justify the failure in transferring the criteria for depth, especially for species whose optimum condition was assigned to the last depth class (> 0.51 m) like A. fasciatus. In deforested streams, only four sites (~ 6%), three of which in the same stream, fell into the deepest depth class. According to Bovee (1986) , the successful transfer of HSC is dependent on the availability of conditions in the site to which one wants to transfer the criterion.
The second explanation (interaction with other factors) may also apply if environmental factors influenced fish differently in forested as opposed to deforested streams. For example, the high abundance of marginal submerged vegetation in deforested streams, as a result of the proliferation of exotic grasses, provide favorable microhabitats for some species (Casatti et al., 2009a) and may influence their response to other variables. Such grasses can attenuate water flow along stream banks, providing slow-flowing microhabitats even in sites with high velocities. As a result, species with preferences for slow-flowing habitats would be favored, notably H. ancistroides in our study. In fact, individuals of this species were observed in the vegetation on the banks of deforested streams, even in sites with high water flow. On the other hand, this species was restricted to the mid-channel in forested streams, where submerged grasses are lacking and supposedly the influence of velocity is higher. This could explain the failure to transfer the criterion for flow velocity to H. ancistroides.
The failure in transferring HSCs also may be related to the fact that they do not always describe a habitat preferred by species. For example, in this study, depth and velocity covaried in both forested and deforested streams, so that the preference patterns observed for a variable (e.g., depth) can be influenced by a second variable (velocity). If the pattern for depth preference of species is an artifact of their association with velocity, then one would expect a distinct preference pattern for this variable (i.e., failure to transfer HSCs) only if the velocity-depth relationship was different between forested and deforested streams. In fact this happened, as a higher proportion of sites classified into the fourth velocity class (> 0.6 m/s) were grouped into classes with higher depth (D2, D3, and D4) in the deforested streams. This could explain the failure to transfer depth HSCs among streams for species that showed preference for fast-flowing habitats, like H. nigromaculatus and C. zebra.
The results indicated a high consistency in the response of species for velocity, suggesting that this variable is a good predictor of species abundance and that its HSC has great potential to be transferred to streams of different conservation status. Despite the criteria developed and tested in this study were based on samples collected over a dry season, it is expected that the same patterns emerge in wet season. This expectation is based on the weak effect of seasonality on the fish composition and assemblage structure in the studied region (Ferreira & Casatti, 2006; Rocha et al., 2009) . The successful transference of criteria in a landscape scale as shown in this study is relevant, mainly considering that transferability of criteria is usually tested between streams (Thomas & Bovee, 1993) or between regional models built for individual streams (Lamouroux et al., 1999) . The data presented in this study should represent part of an effort to develop criteria for Neotropical species, encompassing a broader spectrum of conditions, as well as other variables known to be important for fish, like substrate and cover (Vadas & Orth, 2001; Wright & Flecker, 2004; Leal et al., 2011) . 
